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(54) PRODUCTION OF NARROWLY DISTRIBUTED POLYMER, NARROWLY DISTRIBUTED POLYMER 
AND ITS APPLICATION TO RESIST 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a narrowly distributed 
polystyrene polymer suitable as a resin material for resist and to 
obtain a chemical amplification-type positive resist composition 
having excellent sensitivity and resolution by using the narrowly 
distributed polystyrene polymer. 

SOLUTION: A styrene derivative of the formula (R is a 1-1 2C alkyl or 
a 1-1 2C alkanoyl) is subjected to radical polymerization in a living 
O— R state in the presence of a free-radical initiator and a 

nitrogen-containing stable free-radical active agent, a terminator is 
added after the polymerization have proceeded until the objective 
molecular weight, and the free-radical active agent bound to the 
polymer terminal is removed with the result that the objective 
narrowiy distributed polystyrene is obtained. In the obtained 
polystyrene, the group corresponding to the R is removed to convert 
the OR part to a hydroxy group, and the hydroxy group is partly protected with an unstable group against an 
acid, and as a result, a copolymer having a p- hydroxy styrene unit and the unit which is formed by protecting 
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the hydroxy group of the p-hydroxystyrene unit with the unstable group against an acid is obtained. A 
positive-type resist composition having the copolymer as a resin component is also provided. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Lower type (I) 
CH 2 =9H 

(I) 



0 



O-R 



A styrene derivative shown by (R expresses alkyl with 1-12 carbon atoms, or alkanoyl of the total carbon 
atomic numbers 1-12 among a formula) Under existence of a free radical initiator and a nitrogen-containing 
stable free radical agent, A manufacturing method of the narrow dispersive polystyrene removing said stable 
free radical agent which was made to carry out a radical polymerization in living, added a terminator, and was 
combined with a polymer terminal after a polymerization progressed to a molecular weight made into the 
purpose. 

[Claim 2]A way according to claim 1 a terminator is hydroquinone. 

[Claim 3] Lower type (I) 
CH 2 =CH 

P <" 

O-R 

A styrene derivative shown by (R expresses alkyl with 1-12 carbon atoms, or alkanoyl of the total carbon 
atomic numbers 1-12 among a formula) Under existence of a free radical initiator and a nitrogen-containing 
stable free radical agent, After a polymerization progresses to a molecular weight which carries out a radical 
polymerization in living and which is made into the purpose, Said stable free radical agent which added a 
terminator and was combined with a polymer terminal is removed, Subsequently, a manufacturing method of 
a narrow dispersive copolymer characterized by protecting this hydroxyl group selectively by an unstable 
basis in acid after using a portion of -O-R which desorbs at least a part of basis equivalent to -R in the 
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polystyrene obtained, and is equivalent to it as a hydroxyl group. 

[Claim 4] Lower type (I) 
CH 2 =CH 




O-R 



It is obtained by carrying out the radical polymerization of the styrene derivative shown by (R expresses 
alkyl with 1-12 carbon atoms, or alkanoyl of the total carbon atomic numbers 1-12 among a formula) in living 
under existence of a free radical initiator and a nitrogen-containing stable free radical agent, and is lower 
type (II) substantially. 



It consists of a structural unit shown by (the inside of a formula and R are as having given the definition 
previously), Narrow dispersive polystyrene, wherein a stable free radical agent which weight average 
molecular weight is in the range of 3,000-100,000, and polydispersed degree is in the range of 1.1-1.5, and 
was used for a polymerization has not combined with a polymer terminal substantially 
[Claim 5]The polystyrene according to claim 4 which is poly (p-tert-butoxystyrene) 

[Claim 6]A narrow dispersive copolymer which desorbs at least a part of basis equivalent to -R in the narrow 
dispersive polystyrene according to claim 4 or 5, uses a portion of -O-R equivalent to it as a hydroxyl group, 
protects this hydroxyl group selectively by an unstable basis in acid, and is characterized by things. 
[Claim 7]The copolymer according to claim 6 in which an unstable basis is chosen as acid which protects a 
hydroxyl group from 2-residue of tert-butoxycarbonyl, tert-butoxy carbonylmethyl, 1-alkoxy alkyl, and 
annular saturation ether. 

[Claim 8]The copolymer according to claim 6 or 7 which comprises the p-hydroxystyrene unit remainder 

which is not protected 10-50 mol of p-hydroxystyrene unit% from which a hydroxyl group was protected by 

acid by an unstable basis 0-30 mol of styrene unit% which has basis-O-R at least in p- 

[Claim 9] Resin for resist which consists of the copolymer according to any one of claims 6 to 8. 

[Claim 10](A) Although the narrow dispersive copolymer according to any one of claims 6 to 8 is contained 

and it is insoluble or refractory to alkali with itself, an operation of acid — alkali — resin which becomes 

meltable, (B) acid acid generator, and (C) — a chemical amplification type positive resist composition 

containing an organic solvent which dissolves these. 

[Claim 11]The constituent according to claim 10 which furthermore contains an organic base compound. 



* NOTICES * 

JP0 and I NP IT are not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to application in the resinous principle of resist or the 
manufacturing method of a narrow dispersive polymer useful as the raw material, the narrow dispersive 
polymer obtained by it, and the resist field of that. 
[0002] 

[Description of the Prior Art]In recent years, the pattern formation of a quarter micron is required with high 
integration of an integrated circuit. The excirner laser lithography which enables manufacture of 64M DRAM 
and 256M DRAM attracts attention to this demand. As resist suitable for this excirner laser lithography 
process, the so-called adoption of the chemical amplification type resist using an acid catalyst and the 
chemical amplification effect is progressing. Chemical amplification type resist changes the solubility over 
the alkali developing solution of an irradiation part by the reaction which makes a catalyst the acid by which 
it was generated from the acid generator in the irradiation part of radiation. 
The pattern of a positive type or a negative mold is given by this. 

[0003]Thus, although chemical amplification type resist is used for the purpose of formation of a detailed 
pattern, much more minuteness making is called for. In order to raise the resolution of a resist material so 
that a more detailed pattern can form, It is known that it is effective to narrow molecular weight distribution 
of the resin to be used, namely, to make small polydispersed degree (Mw/Mn) which is a ratio of weight 
average molecular weight (Mw) and a number average molecular weight (Mn), and to make it narrow 
dispersion. And the styrene derivative attracts attention as polymers in which control of a molecular weight 
is comparatively easy, and especially, since it excels in deveiopment-proof nature or plasma-proof nature, 
resin of a poly (hydroxystyrene) system attracts attention as promising polymer for resist materials, and is 
examined. 

[0004](The method by anionic polymerization, for example, publication number, in order to narrow molecular 
weight distribution of the poly (hydroxystyrene) system resin used for a resist material The method by anion 
living polymerization which is indicated in the 6 No. -32839 gazette is known.) However, an anionic 
polymerization method has severe polymerization conditions, such as being under the anoxia atmosphere in 
inactive gas and a vacuum etc., needing the state where moisture does not exist, and needing an initiator 
dangerous to the handling like an organic metallic compound. 
A manufacturing cost is disadvantageous compared with a radical polymerization. 
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[0005]On the other hand, it is publication number. 6-199916 in an item gazette. The free radical polymerizing 
method for obtaining the narrow styrene system polymer of molecular weight distribution is proposed by 
mixing a free radical initiator and the stable free radical agent of a nitroxide system with a polymerization 
nature monomer compound, and heating at 100-160 **. In this method, a growth end is protected because a 
stable free radical agent adds to the growth end of polymers reversibiy, and a polymerization advances, 
maintaining living nature, 
[0006] 

[Problem(s) to be Solved by the Invention]In what is called above living^radical-polymerization methods, if 
temperature is lowered unlike the usual radical polymerization method, a stable free radical agent will stop 
desorbrng from a growth end, and a polymerization will stop. Therefore, in the styrene system polymer 
obtained by this method, a stable free radical agent will join together and remain in that end. When the resin 
which embellished with the unstable basis in acid the poly (hydroxystyrene) hydroxyl group obtained for the 
stable free radical agent which remains in this polymer terminal was used for chemical amplification type 
resist, the chemical amplification operation was checked and there was a problem that sensitivity fell. 
[0007]Under these circumstances, the purpose of this invention is to manufacture and provide the narrow 
dispersive polystyrene which fills the military requirement as resin for resist. Another purpose of this 
invention is to provide the chemical amplification type positive resist composition excellent in sensitivity and 
resolution using the narrow polystyrene of the molecular weight distribution acquired in this way. 
[0008] 

[Means for Solving the Problemjthis invention person reached this invention, as a result of inquiring 
wholeheartedly that the above-mentioned purpose should be attained. That is, this invention is lower type (I). 
[0009] 
CH 2 =9H 

(I) 



0 



OHR 

[0010]A styrene derivative shown by (R expresses alky! with 1-12 carbon atoms, or alkanoyi of the total 
carbon atomic numbers 1-12 among a formula) Under existence of a free radical initiator and a 
nitrogen-containing stable free radical agent, A method of manufacturing narrow dispersive polystyrene is 
provided by carrying out a radical polymerization in living, and removing said stable free radical agent which 
added a terminator and was combined with a polymer terminal, after a polymerization progresses to a 
molecular weight made into the purpose. 

[0011]In chemical amplification type resist, formal resin which generally protected selectively a hydroxyl 
group of the polystyrene which has a hydroxyl group by an unstable basis in acid is used. Then, at least a 
part of basis equivalent to -R in the narrow dispersive polystyrene produced by performing this invention 
above again is desorbed, By protecting the hydroxyl group selectively by an unstable basis in acid, after 
using a portion of ~0-R equivalent to it as a hydroxyl group, A method of manufacturing a narrow dispersive 
copolymer which has a styrene unit which has p-hydroxystyrene unit from which p-hydroxystyrene unit and 
a hydroxyl group were protected by acid by an unstable basis, and has basis-O-R at least in p- further by a 
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case is also provided. 

[001 2] According to this invention, it is obtained by the above 

(II) substantially. 

[0013] 




( H ) 



[0014]It consists of a structural unit shown by (the inside of a formula and R are as having given the 
definition previously), Weight average molecular weight is in the range of 3,000-1 00,000, and polydispersed 
degree is in the range of 1.1-1.5, And it is provided by the narrow dispersive polystyrene which a stable free 
radical agent used for a polymerization has not combined with a polymer terminal substantially, and further, 
At least a part of basis equivalent to -R in these narrow dispersive polystyrene is desorbed, a portion of 
-O-R equivalent to it is used as a hydroxyl group, and a narrow dispersive copolymer which protects that 
hydroxyl group selectively by an unstable basis in acid is also provided. 

[0015]This invention is turned also to use to resin for resist of the above-mentioned narrow dispersive 
copolymer, and also provides again a chemical amplification type positive resist composition which contains 
the following three ingredients indispensable. 

[0016](A) although said narrow dispersive copolymer is contained and it is insoluble or refractory to alkali 
with itself — an operation of acid — alkali — resin which becomes meltable, (B) acid acid generator, and (C) 
— an organic solvent which dissolves these. 
[0017] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail. In this invention, narrow 
dispersive polystyrene is manufactured by carrying out the radical polymerization of the styrene derivative 
shown by said formula (I) in living under existence of a free radical initiator and a nitrogen-containing stable 
free radical agent. In formula (I) showing the styrene derivative monomer used as a polymerization raw 
material, R is alky I with 1-12 carbon atoms, or alkanoyl of the total carbon atomic numbers 1-12. As for the 
alkyl expressed with R, although three or more cases of the number of carbon atoms may branch [ the 
straight chain or ], it is advantageous that it is the alkyl which that it is the alkyl in which three [ with a 
number of carbon atoms ] or more also of them branched especially combines with the oxygen atom in a 
formula with the 4th class carbon also in the above-mentioned definition. As suitable alkyl, isopropyl, 
sec-butyl, tert^butyl, tert-amyl, tert-octyl, etc. can be mentioned. In the case of four or more total carbon 
atomic numbers, the alkanoyl expressed with R may also branch also by the straight chain. Acetyl, propanoly, 
etc. can be mentioned as concrete alkanoyl. As R, tert-butyl is especially preferred. 

[0018]The styrene derivative shown by formula (I) polymerizes under existence of a free radical initiator and 
a nitrogen-containing stable free radical agent. Decompose, and the free radical initiator used here should 
just be a free radical a compound to produce, and specifically, A peroxide [ike benzoyl peroxide, 
tert-butylhydronalium peroxide, and di-tert-butyl peroxide, 2,2'-azobis isobutyronitrile, an azo compound 
like 2,2 ~azobis isobutyrate dimethyl, etc. can be used. 
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-mentioned primary method, and is lower type 
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[0019]The nitrogen-containing stable free radical agent used together with a free radical initiator is a 
compound which contains a nitrogen atom in intramolecular and exists stably in the form of a free radical. 
Thus, what became radical in the portion of other atoms specifically combined with what became radical in 
the nitrogen atom portion, or a nitrogen atom as a free radical which exists stably, and the hydra JINIRU 
radical and nitroxide radical which are more specifically equivalent to a following formula, respectively are 
mentioned. 
[0020] 

[0021 ]For example, 2, 2 r 6, and 6-tetramethyl 1-piperidinyloxy (commercial item name "TEMPO"), The 
4-amino- 2, 2, and 6, 6-tetramethyl 1-piperidinyloxy, The 4-hydroxy- 2, 2, and 6, 6-tetramethyl 
1-piperidinyloxy, The 4-oxo 2, 2, and 6, 6-tetramethyl 1-piperidinyloxy, 4,4-dimethyl- 1 ,3-oxazoline 3-yloxy, 
2,2,5,5-tetramethyl 1-pyrrolidinyl oxy, Phenyltert-butyl Nitroxide and di~tert-butyl The nitroxide like 
nitroxide, 2,2-JI (4-tert-octylphenyl)-1-picryihydrazyl, etc, can use it as a stable free radical agent. 
[0022]In polymerizing the styrene derivative of formula (I), it is preferred to use so that the mole ratio of a 
stable free radical agent / free radical initiator may serve as the range of 0.7-2.0, and it is still more 
preferred to make it the mole ratio serve as the range of 1.0-1.5. 

[0023]The styrene derivative of said formula (I) is polymerized under existence of such a free radical initiator 
and a nitrogen-containing stable free radical agent. By making a free radical initiator and a stable free radical 
agent exist, A free radical initiator adds to the styrene derivative of formula (I) first, and a growth chain can 
be done, Furthermore a stable free radical agent adds there, and although it is temporary in the chain, it is 
stopped reversibly, and a radical polymerization will advance on what is called a living target as growth of a 
chain progresses, when the added stable free radical agent ***#s again. The various publicly known 
polymerizing methods, for example, mass polymerization, solution polymerization, suspension polymerization, 
an emulsion polymerization, etc. can perform a polymerization. Generally polymerization temperature is 
chosen from the range of about 100-180 **, and the range which is about 1 10-140 ** preferably. Although 
reaction time changes also with the degrees of polymerization or molecular weights which are made into the 
purpose, generally it is about 5 to 50 hours. If mass polymerization is performed using it when the styrene 
derivative of formula (I) is a fluid, and it is p-tert-butoxy styrene, for example, it will be obtained after the 
polymer after a reaction has melted into the styrene derivative of a raw material. 
[0024]In this invention, a polymerization reaction is performed as mentioned above, and after a 
polymerization progresses to the molecular weight made into the purpose, the free radical agent which 
added the terminator and was combined with the polymer terminal is removed. The terminator used here can 
be known as a stop agent of the usual radical polymerization, and can mention the compound of a 
hydroquinone system, etc. Specifically, hydroquinone, 2-tert-butylhydroquinone, etc. are mentioned. To the 
stable free radical agent used for the polymerization, a terminator is a twice as many 0.5-20-mol range as 
this preferably, is a twice as many 5-15-mol range as this still more preferably, and is added by the 
polymerization system which is going to stop a reaction. 

[0025]Although a polymerization reaction is stopped by addition of this terminator, the stable free radical 
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agent which added to the polymer terminal reversibly on the occasion of living radical polymerization, and 
was participating in growth of the polymer ****s everlastingly by addition of this terminator, and a 
polymerization reaction stops. Under the present circumstances, it is preferred to add a terminator, 
maintaining at the temperature near polymerization temperature, since the polymerization reaction stopped 
even if it did not add a terminator, but it will become difficult for the stable free radical agent added to the 
polymer terminal to **** if temperature was low. While the appending rate of a monomer is low, a stable free 
radical agent ****s promptly by addition of a terminator, but if the inversion rate of a monomer increases, 
desorption of a stable free radical agent will take a certain amount of time. So, in order to ensure desorption 
of a stable free radical agent, it is near temperature when near polymerization temperature, especially a 
terminator are added, and it is advantageous to hold for about further 0.2 to 20 hours. Then, for example, 
proper post-processing operation of filling a suitable poor solvent with a reaction mass, and settling output 
etc. can be performed, and it can isolate in polystyrene. The polystyrene obtained consists of a structural 
unit of said formula (II) substantially. 

[0026]Thus, by addition of living a radical polymerization and a subsequent terminator, the narrow 
polystyrene (narrow dispersion) of molecular weight distribution can be obtained by simple operation. The 
polydispersed degree (Mw/Mn) of the polystyrene obtained is usually in the range of 1.1-1.5. By choosing 
the conditions of a polymerization reaction, the molecular weight of the polystyrene obtained is controllable 
suitably adjusting the mole ratio of the free radical initiator to the styrene derivative of formula (I), or by 
adjusting reaction time, for example. Usually, the polystyrene of the range whose weight average molecular 
weight (Mw) is 3,000 to about 100,000 is obtained. 

[0027]In order to consider it as resin for resist, a part or all of a basis equivalent to -R in said formula (II) is 
desorbed from the polystyrene obtained in this way, and after using the portion of -O-R equivalent to it as a 
hydroxy! group, the hydroxy! group is selectively protected by an unstable basis in acid. Method, for example, 
said publication number, that the operation from which a part or all of a basis equivalent to -R in formula (II) 
is desorbed is publicly known according to the method of a statement it can carry out to the 6 No. -32839 
gazette. After dissolving the above-mentioned polystyrene in a suitable solvent, by adding and processing 
acid, the basis equivalent to -R in formula (II) can be desorbed, and, specifically, the portion of corresponding 
-O-R can be used as a hydroxyl group. As a solvent, 2-propanol, dioxane, acetone, acetonitrile, toluene, etc. 
are independent, respectively, or combine two or more sorts, for example, and it is used. If it is a solvent 
mixed with water, it can also use in the form of a partially aromatic solvent with water. As acid, chloride, 
hydrobromic acid, p^toluenesulfonic acid, etc. are used, for example. 

[0028]Even when leaving a part of basis equivalent to -O-R in formula (I) here, it is preferred that the unit 
containing this basis uses less than 30 moi % of the whole polymer. When it says from the field of resist 
performance and especially R is tert-butyl, it is preferred to make it a p-tert-butoxy styrene unit remain in 
the 5-20-moi% of range of the whole polymer. -The survival rate of the basis equivalent to O-R can be 
adjusted by controlling the time of the above-mentioned elimination reaction. Namely, in the 
above-mentioned elimination reaction, ask for the abundance of the basis which is equivalent to -O-R for 
every predetermined reaction time by nuclear magnetic resonance (NMR) measurement, and the survival 
rate of the basis equivalent to -O-R to reaction time is plotted, -The polymer in which the basis which is 
equivalent to -O-R at a target rate remained can be obtained by predicting reaction time until the rate of 
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the basis equivalent to O-R reaches the target value, and terminating an elimination reaction with the time 
of reaching at the time. 

[0029]Thus P although alkyhether-izing or the polymer formed into alkane acid ester is obtained, a part of 
narrow poly (hydroxystyrene) of molecular weight distribution or its hydroxy! group, It becomes suitable resin 
for resist by protecting the hydroxyl group of this polymer selectively by the still more unstable basis in acid. 
In itself, to alkali, although the resin which serves as a subject of a chemical amplification type positive resist 
composition is insolubility or poor solubility, it causes a chemical change by operation of acid, and serves as 
alkali solubility. It becomes resin which carries out such work by having dissolution deterrence ability to an 
alkali developing solution, and protecting some phenolic hydroxyl groups of the polymer obtained by the 
above-mentioned living radical polymerization and a subsequent elimination reaction by an unstable basis 
against acid. 

[0030]Although it has dissolution deterrence ability to the alkali developing solution introduced here, 
unstable bases can be various publicly known protective groups to acid. For example, tert-butoxycarbonyl 
and tert-butoxy carbonylmethyl, 1-ethoxy ethyl, 1-methoxy ethyl, 1-propoxyethyl, Hsopropoxy ethyl, 
1-tert-butoxy ethyl, Hsobutoxyethyl, 1-butoxyethyl r 1-pentyloxyethyi, 1-cyclopentyloxyethyl, 
1-hexyloxyethyl, 1-cyclo hexyloxyethyl, 1-heptyloxyethyS, 1-cycloheptyIoxyethyI, 1-methoxy propyl, and a 
1-alkoxyalkyl group like a 1-methoxy-l-methylethyl, Tetrahydro 2-pyranyl, 6-methoxy tetrahydro 2~pyranyl, 
6-ethoxy tetrahydro 2-pyranyl, a tetrahydro 2—furil, 2-residue of annular saturation ether like a 5^methoxy 
tetrahydro 2- furil and a 5-ethoxy tetrahydro 2—furil, etc. will be mentioned, and these bases will replace by 
hydrogen of a phenolic hydroxyl group. Also in these protective groups, 1-alkoxyalkyl group especially has 
the basis which forms the so-called combination of an acetal type between the oxygen atoms of a phenolic 
hydroxyl group, i.e., 1-alkoxyalkyl group, and preferred 2-residue of annular saturation ether. 
[0031 ]An unstable basis is introduced into such acid by the publicly known protective group introduction 
reaction. For example, by being able to replace hydrogen of a hydroxyl group portion by tert-butoxycarbonyl, 
and making chioracetic acid tert-butyl react by making 2 di-tert-butyl carbonate react Hydrogen of a 
hydroxyl group portion can be replaced by tert-butoxy carbonylmethyl. Lower type (HI) [0032] 

R 1 

R 4 -C=C-Q-R 2 Cm) 

U 
R 

[0033](R 1 among a formula alkyl with hydrogen or 1-4 carbon atoms) [ express and ] R 2 expresses alkyl with 
1-6 carbon atoms, or cycloalky! with 5-7 carbon atoms, . [ whether R 3 and R 4 express alkyl with hydrogen or 
1-3 carbon atoms mutuaiiy-independent, and ] or — R 2 and R 3 become together, form an alkylene chain, and 
this alkylene chain is replaced by ARUKOKISHI with 1-4 carbon atoms — **** — by making the 
unsaturation ether compound shown react, Hydrogen of a hydroxyl group portion can be replaced by 
1-alkoxyalkyl group or 2-residue of annular saturation ether. 

[0034]ln introducing these protective groups into the phenolic hydroxyl group of said resin, it is preferred to 
make it become 10 to 50% of range generally comparatively (protective group introduction rate) on the basis 
of the hydroxyl group before protective group introduction and the sum total of basis-O-R of that by which 
hydrogen of the hydroxyl group was replaced by the protective group. That is, it is preferred to make it 
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p-hydroxystyrene unit protected by acid by the unstable basis exist in the 1 0-50-mol% of range of the whole 
resin. 

[0035]Thus, resin of a narrow dispersive poly (p-hydroxystyrene) system is obtained suitably as a resinous 
principle of a chemical amplification type positive resist by leaving the styrene derivative of formula (I) and 
performing a living-radical-polymerization reaction, a termination reaction, an elimination reaction, and 
another protective group introduction reaction. The degree of polymerization of a polymer itself hardly 
changes by the elimination reaction and the continuing protective group introduction reaction. Although 
resin of a narrow dispersive poly (p-hydroxystyrene) system produced by making it above is used as a 
resinous principle in the positive resist composition of this invention, this resinous principle is a range which 
does not spoil the effect of this invention, and even if it contains resin other than this, it does not interfere. 
[0036]This resist composition contains an acid generator and an acid generator here is a compound which 
generates acid by irradiating with radiation that substance itself or the resist composition containing that 
substance. Of course, it can also use as a mixture of two or more sorts of compounds. For example, onium 
salt, an organic halogenated compound, the compound that has a diazomethanedisulfonyl skeleton, a disulfon 
system compound, an orthoquinone diazido compound, a sulfonic acid system compound, etc. are mentioned. 
In this invention, the compound which has a diazomethanedisulfonyl skeleton, a disulfon system compound, a 
sulfonic acid system compound, etc. are preferably used as an acid generator. As a sulfonic acid system 
compound used as an acid generator, ester of alkyl sulfonic acid, ester of halo alkyl sulfonic acid, ester of 
aryl suifone acid, ester of camphor sulfonic acid, etc. can be mentioned. As an alcohol component which 
constitutes these ester, pyrogallol, 2- or 4-nitrobenzyl alcohol, 2,6-dinitrobenzyl alcohol, an N-hydroxy 
imide compound, an oxime system compound, etc. are mentioned. 

[0037]Bis(cyclohexylsulfonyl)diazomethane, bis(phenyl slufonyOdiazomethane, bis(p-tolyl 
sulfonyDdiazomethane, bis(2,4~xylylsulfonyl)diazomethane, etc. are included by the compound which has a 
diazomethanedisulfonyl skeleton, for example. In a disulfon system compound, it is diphenyl, for example. 
Disulfon, di-p-tolyl Disulfon, phenyl p-tolyl Disulfon, phenyl p-methoxypheny disulfon etc. are included. To a 
sulfonic acid system compound, for example N-(phenylsulfony[oxy)succinimide, N-(methylsulfonyl oxy) 
succinimide, N-(trifluoromethyl sulfonyloxy)succinimide, N-(butyl sulfonyloxy) succinimide, N-(10-camphor 
sulfonyloxy) succinimide, N-(trifluoro methyl sulfonyloxy)phtalimide, N-(trifluoromethyl 
sulfonyloxy)naphthalimide, 2~nitrobenzyl P-toluene sulfonate, 4-nitrobenzyl P-toluene sulfonate, 
2,6-dinitrobenzyl P-toluene sulfonate, 1 ,2,3-benzenetriyl Tris methanesulfonate, 1 -benzoyl-1 -phenylmethyl 
P-toluene sulfonate (common-name benzoin tosylate), 2-benzoyE-2-hydroxy-2-phenyIethyI P-toluene 
sulfonate (common-name alpha-methylolbenzoin tosylate), aIpha~(p-tolyl sulfonyloxy 
imino)-4-methoxyphenyl acetonitrile, etc. are included. 

[0038]It is known that the performance degradation by inactivation of the acid generally accompanied by an 
organic base compound every length after exposure by adding as a quencher in a chemical amplification type 
positive resist will be improvable, and it is preferred also in this invention to blend such an organic base 
compound. 

[0039]As an example of the organic base compound used here, Hexylamine, heptyl amine, octyl amine, nonyl 
amine, Decyl amine, aniline, 2~, 3- or 4-methylaniline, 4-nitroaniline r The 1st class amines like 
1-naphthylamine and 2-naphthylamine; Dibutyl amine, Dipentylamine, dihexyl amine, diheptyiamine, dioctyi 
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amine, Dinonyl amine, didecyl amine, N-methylaniline, piperidine, and the secondary amine like 
diphenylamine; Triethylamine, Trimethylamine, tripropyiamine, tributyfamine, tripentylamine, Trihexyl amine, 
triheptyl amine, trioctylamine, TORINO nil amine, Tridecyl amine, methyldibutyl amine, methy] dipentylamine, 
Methyldihexyl amine, methyldicyclohexylamine, methyl diheptylamine, Methyldioctyl amine, methyldinonyl 
amine, methyldidecyl amine, ethyldibutyl amine, ethyl dipentylamine, ethyldihexyl amine, ethyl diheptylamine, 
ethyldioctyl amine, ethyldinonyi amine, ethyldidecyl amine, tris [2-(2-methoxyethoxy) ethyl] Quarternary 
ammonium salt [ike amine, trHsopropanolamine, and tertiary amine; tetrabutyiammonium hydroxide like 
N.N-dimethylaniline; Ethylenediamine, The diamine like a tetramethylenediamine and hexamethylenediamine; 
the unsaturation cyclic amines like imidazole, pyridine, 4-methylpyridine, 4-methyl imidazole, and a bipyridine 
are mentioned. 

[0040]These organic base compounds are independent, respectively, or two or more kinds can use them, 
mixing. Especially in this invention, use of tertiary amine and/or quarternary ammonium salt is preferred. In 
an organic base compound, after prebaking of the resist film formed on the substrate has what does not 
evaporate at the temperature of prebaking, and a preferred thing which specifically has the not less than 1 50 
** boiling point so that it may remain in this resist film and an effect may be demonstrated. 
[0041] Resinous principles are [ 75 to 98% of the weight of the range and the acid generator of the desirable 
composition ratio of a positive resist composition ] 0.05 to 20% of the weight of ranges more preferably 50 to 
98% of the weight on the basis of the total-solids weight in this constituent. When blending an organic base 
compound, it is preferred to use in 0.001 to 10% of the weight of the range. The resist composition of this 
invention can also contain further various kinds of additives commonly used in this field, such as a 
dissolution retardant, a sensitizer, a color, an adhesive improving agent, and a water retention agent, if 
needed, In order to generate acid in chemical amplification type resist, existence of moisture is needed, but 
it can make it generate acid efficiently more to make a little water retention agents, such as a polypropylene 
glycol, exist. When using these additives, those quantity is the sum totals and is to about 20 % of the weight 
to the total solid part weight in a constituent. 

[0042]The positive resist composition of this invention mixes and dissolves each above-mentioned 
ingredient in an organic solvent. Under the present circumstances, an organic solvent is used so that 
total-solids concentration may usually be 1 0 to 50 % of the weight. This organic solvent dissolves each 
above-mentioned ingredient, and is just usually used in this field. For example, ethylcellosolve acetate, 
methyl-ceilosolve acetate, The glycol ether ester like propylene-glycol-monomethyl-ether acetate and 
propylene glycol monoethyl ether acetate. Ethylcellosolve, methyl cellosolve, propylene glycol monomethyl 
ether, Glycol mono- ** like propylene glycol monoethyl ether and diethyiene glycol dimethyl ether Diethers, 
Ethyl lactate, butyl acetate and ester species like ethyl pyruvate, 2-heptanone, cyclohexanone, the ketone 
like methyl isobutyl ketone, and the aromatic hydrocarbon like xylene are mentioned. These solvents are 
independent, respectively, or can be combined two or more sorts and can be used. 

[0043]Apply this positive resist composition on bases, such as a silicon wafer, and a resist film is formed, 
While usually diffusing after that the acid by which it was generated in prebaking, patterning exposure, and an 
exposure part and desorbing the protective group of resin, a pattern is formed through each process of the 
development by the post exposition jar bake for carrying out regeneration of the acid, and an alkali 
developing solution. 

11 



2000-26535 

[0044] 

[Example]Hereafter, this invention is not limited by these examples although an example explains this 
invention still more concretely. Among an example, % and the part showing content thru/or the amount used 
are a weight reference, as long as there is no special mention. Weight average molecular weight and 
polydispersed degree are the values which asked for polystyrene as a reference standard by the gel 
permeation chromatography (GPC), as long as there is no special mention. 
[0045]The synthetic example 1 [Poly (p-tert-butoxystyrene) manufacture] 

0.154 g of 40 g of p-tert-butoxystyrene, 0.1 83g of benzoyl peroxide and 2, 2 and 6, and 6-tetramethyl 
1-piperidinyloxy is taught to a reactor, After carrying out a nitrogen purge, when the polymerization reaction 
was performed at 130 ** for 5 hours, the weight average molecular weight of the polymer at this time was 
about 6,000. 1 .083 g of hydroquinone was added in this system of reaction, and it held at the temperature for 
further 1 hour. The weight average molecular weight of the polymer at this time was about 6,000. Since the 
polymerization has stopped promptly by addition of hydroquinone, the 2, 2, 6, and 6-tetramethyl 
1-piperidinyloxy combined with the polymer terminal is judged to be what was removed. 
[0046]The synthetic example 2 [Same as the above] 

3.23 g of 600 g of p-tert-butoxystyrene, 3.66g of 4,4 r -azobisiso butanoic acid dimethyl and 2, 2 and 6, and 
6-tetramethyl 1-piperidinyloxy is taught to a reactor, After carrying out a nitrogen purge, when the 
polymerization reaction was performed at 130 ** for 25 hours, the weight average molecular weight of the 
polymer at this time was about 25,000. 22.74 g of hydroquinone was added in this system of reaction, and it 
held at the temperature for further 2 hours. Then, it settles [ pour out this solution into methanol and ] 
output and dried [ dissociated and ], and 357.6 g of poly (p-tert-butoxystyrene) was isolated. The weight 
average molecular weight of the obtained polymer was about 25,000, and polydispersed degree was 1.20. 
[0047]The synthetic example 3 [Same as the above] 

2.31 g of 600 g of p-tert-butoxystyrene, 2.75g of benzoyl peroxide and 2, 2 and 6, and 6-tetramethyl 
1-piperidinyloxy is taught to a reactor, After carrying out a nitrogen purge, when the polymerization reaction 
was performed at 130 ** for 8 hours, the weight average molecular weight of the polymer at this time was 
about 25,000. 16.24 g of hydroquinone was added in this system of reaction, and it held at the temperature 
for further 2 hours. Then, it settles [ pour out this solution into methanol and ] output and dried [ dissociated 
and ], and 236.6 g of poly (p-tert-butoxystyrene) was isolated. The weight average molecular weight of the 
obtained polymer was about 25,000, and polydispersed degree was 1.20. 
[0048]The synthetic example 4 [Same as the above] 

600 g of p-tert-butoxystyrene, 3.53g of 4,4-azobisiso butanoic acid dimethyl and the 4-oxo 2, 2, and 6, and 
3.47 g of 6-tetramethyl 1-piperidinyloxy are taught to a reactor, After carrying out a nitrogen purge, when 
the polymerization reaction was performed at 130 ** for 24 hours, the weight average molecular weight of 
the polymer at this time was about 25,000. 21.93 g of hydroquinone was added in this system of reaction, and 
it held at 1 35 ** for further 1 5 hours. Then, it settles [ pour out this solution into methanol and ] output and 
dried [ dissociated and ], and 31 1.7 g of poly (p-tert-butoxystyrene) was isolated. The weight average 
molecular weight of the obtained polymer was about 25,000, and polydispersed degree was 1.20. 
[0049]The example 1 of comparison composition [Same as the above] 

The polymerization reaction of 5 hours was performed at 130 ** like the synthetic example 1 except having 
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set quantity of p-tert-butoxystyrene, benzoyl peroxide and 2, 2 and 6 r and 6-tetramethyl 1-piperidinyloxy to 
80g, 0.366g, and 0.307g, respectively. The weight average molecular weight of the polymer at this time was 
about 6,000. It held at the temperature for further 2 hours, without adding hydroquinone after that. The 
weight average molecular weight of the polymer at this time was about 14,000. In accordance with time, the 
molecular weight is large, and it is judged as that to which addition and desorption of 2, 2 and 6 to polymer 
terminal, and 6-tetramethyl 1-piperidinyloxy have taken place reversibly. 
[0050]The example 2 of comparison composition [Same as the above] 

The quantity of p-tert-butoxystyrene, 4,4 -azobisiso butanoic acid dimethyl and 2, 2 and 6 f and 
6-tetramethyl 1-piperidinyloxy, respectively 2,700 g, The polymerization reaction was performed at 130 ** 
like the synthetic example 2 for 21 hours except having been referred to as 15.87g and 14.01g, The weight 
average molecular weight of the polymer at this time was about 24,000. Then, it settles [ pour out this 
solution into methanol and ] output and dried [ dissociated and ], and 1 ,290 g of poly (p-tert-butoxystyrene) 
was isolated. The weight average molecular weight of the obtained polymer was about 24,000, and 
polydispersed degree was 1 .22. 

[0051]The example 3 of comparison composition [Same as the above] 

The polymerization reaction of 8 hours was performed at 130 ** !ike the synthetic example 3 except having 
set quantity of p-tert-butoxystyrene, benzoyl peroxide and 2, 2 and 6, and 6-tetramethyl l^piperidinyloxy to 
880g, 4.03g r and 3.38g, respectively. The weight average molecular weight of the polymer at this time was 
about 25,000. Then, it settles [ pour out this solution into methanol and ] output and dried [ dissociated and 1 
and 283.2 g of poly (p-tert-butoxystyrene) was isolated. The weight average molecular weight of the 
obtained polymer was about 25,000, and polydispersed degree was 1.20, 
[0052]The synthetic example 5 [Desorption of a tert-butyl group] 

After adding 1 10 g of poly (p-tert-butoxystyrene) obtained in the synthetic example 3 to 550 g of 2-propanol 
and making it dissolve, a small amount of concentrated hydrochloric acid was added at 70 **, and it stirred 
for 16 hours, and next the solution was poured out underwater, output was settled, and it dissociated. The 
obtained rough crystal was dissolved in ethyl acetate, and ion exchange water was added, and it separated 
liquids and washed. After distilling off and condensing a solvent, 72 g of poly (p-hydroxystyrene) was 
obtained by settling [ add acetone, fill ion exchange water with this solution and ] output and drying 
[ dissociate and ]. 

[0053]The synthetic example 6 [Formation of 1-ethoxyethyl] 

36 g of poly (p-hydroxystyrene) and 0.017 g of p-toluenesulfonic acid monohydrate which were obtained in 
the synthetic example 5 were dissolved in 180 g of propylene-glycol-monomethyl-ether acetate, and 10.2 g 
of ethyl vinyl ether was dropped there. At 25 **, methyl isobutyl ketone and ion exchange water were added 
after 3-hour churning, and liquids were separated. The obtained organic layer was mixed with ion exchange 
water, and operation to separate was performed 3 times and washed. After distilling off and condensing a 
solvent from this organic layer, by adding propylene glycol monomethy! acetate and distilling off a solvent 
further, solvent substitution was carried out and the poly (p-hydroxystyrene) solution 134g in which 
1-ethoxyethyl etherification of the hydroxyl group was carried out selectively was obtained. 
[0054]It was 30.7% when asked for the solids concentration of this resin solution by the heating mass 
reducing-ones weight method. It was 48.0% when asked for the rate of the formation of 1-ethoxyethyl in 
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resin (a hydroxy! group and 1 -ethoxyethoxy basis to the sum total of 1-ethoxyethoxy basis comparatively) 
by NMR measurement. 

[0055]The synthetic example 7 [Same as the above] 

Except the quantity of ethyl vinyl ether having been 6.5 g, the same operation as the synthetic example 6 
was performed, and the poly (p-hydroxystyrene) solution 142g in which 1-ethoxy ethyl etherification of the 
hydroxyl group was carried out selectively was obtained. It was 26.4% when asked for the solids 
concentration of this resin solution by the heating mass reducing-one's weight method. It was 30.5% when 
asked for the rate of the formation of 1-ethoxyethyl in resin by NMR measurement. 
[0056]The example 4 of comparison composition [Desorption of a tert-butyl group] 

Add 75.2 g of poly (p-tert-butoxystyrene) obtained in the example 3 of comparison composition to 376 g of 
2-propanol, it was made to dissolve, the same operation as the synthetic example 5 was performed after 
that, and 50 g of poly (p-hydroxystyrene) was obtained. 

[0057]The example 5 of comparison composition [Formation of 1-ethoxyethyl] 

Using 25 g of poly (p-hydroxystyrene) obtained in the example 4 of comparison composition except having 
changed the quantity of ethyl vinyl ether into 7.5 g r The same operation as the synthetic example 6 was 
performed, and the poly (p-hydroxystyrene) solution 98.3g in which 1-ethoxyethyl etherification of the 
hydroxyl group was carried out selectively was obtained. It was 29.9% when asked for the solids 
concentration of this resin solution by the heating mass reducing-one s weight method. It was 40.0% when 
asked for the rate of the formation of 1-ethoxyethyl in resin by NMR measurement. 
[0058]The synthetic example 8 [Desorption of a tert-butyl group] 

After adding 120.9 g of poly (p-tert-butoxystyrene) obtained in the synthetic example 2 to 605 g of 
2-propanol and making it dissolve, a small amount of concentrated hydrochloric acid was added at 65 **, and 
it stirred for 5 hours, and next the solution was poured out underwater, output was settled, and it dissociated. 
The obtained rough crystal was dissolved in ethyl acetate, and ion exchange water was added, and it 
separated liquids and washed. After distilling off and condensing a solvent, 81 .1 g of poly (p-hydroxystyrene) 
in which the tert-butoxy group remained selectively was obtained by settling [ add acetone, fill ion exchange 
water with this solution and ] output and drying [ dissociate and ]. When asked for the rate of the formation 
of tert-butoxy of this resin by NMR measurement, the p-tert-butoxy styrene unit was 9.8%, and the 
remainder was p-hydroxystyrene unit. 

[0059]The synthetic example 9 [Formation of 1-ethoxyethyl] 

The resin 28g and 0.013 g of p-toluenesulfonic acid monohydrate which were obtained in the synthetic 
example 8 were dissolved in 1 50 g of methyl isobutyl ketone, and 6.4 g of ethyl vinyl ether was dropped there. 
At 25 **, after 3-hour churning, ion exchange water was added and liquids were separated. The obtained 
organic layer was mixed with ion exchange water, and operation to separate was performed 3 times and 
washed. After distilling off and condensing a solvent from this organic layer, by adding propylene glycol 
monomethyl acetate and distilling off a solvent further, solvent substitution was carried out and the resin 
solution 107gwas obtained. 

[0060]It was 29.4% when asked for the solids concentration of this solution by the heating mass 
reducing-one's weight method. It was 35.5% when asked for the rate of the formation of 1-ethoxyethyl in 
resin (a hydroxyl group, a tert-butoxy group, and 1-ethoxyethoxy basis to the sum total of 1-ethoxyethoxy 
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basis comparatively) by NMR measurement. Therefore, as for this resin, in p-1-ethoxyethoxy styrene unit, 
35,5-rnol % and the remainder consist [ a p-tert-butoxy styrene unit ] of a p-hydroxystyrene unit 9.8-mol%. 
[0061]The synthetic example 10 [Same as the above] 

Except the quantity of ethyl vinyl ether having been 3.7 g, the same operation as the synthetic example 9 
was performed, and the resin solution 78g was obtained. It was 37,2% when asked for the solids 
concentration of this solution by the heating mass reducing-one's weight method. It was 18.5% when asked 
for the rate of the formation of 1 -ethoxyethyi in resin by NMR measurement. Therefore, as for this resin, in 
p-1-ethoxyethoxy styrene unit, 18.5-mol % and the remainder consist [ a p-tert-butoxy styrene unit] of a 
p-hydroxystyrene unit 9.8-mol%. 

[0062]The example 6 of comparison composition [Desorption of a tert-butyl group] 

After adding 1,290 g of poly (p-tert-butoxystyrene) obtained in the example 2 of comparison composition to 
6,450 g of 2-propanol and making it dissolve, a small amount of concentrated hydrochloric acid was added at 
65 **, and it stirred for 7 hours, and a solution is poured out underwater, and was settled, and it dissociated. 
Henceforth, the same post-processing as the synthetic example 8 was performed, and 832 g of poly 
(p-hydroxystyrene) in which the tert-butoxy group remained selectively was obtained. When asked for the 
rate of the formation of tert-butoxy of this resin by NMR measurement, the p-tert-butoxy styrene unit was 
9.8%, and the remainder was p-hydroxystyrene unit. 

[0063]The example 7 of comparison composition [Formation of 1 -ethoxyethyi] 

Using the resin 414.6g obtained in the example 6 of comparison composition, except having changed the 
quantity of ethyl vinyl ether into 90.4 g, the same operation as the synthetic example 9 was performed, and 
the resin solution 1 r 628g was obtained. It was 30.6% when asked for the solids concentration of this resin 
solution by the heating mass reducing-one's weight method. It was 30.6% when asked for the rate of the 
formation of 1-ethoxyethyl in resin by NMR measurement. Therefore, as for this resin, in p-1-ethoxyethoxy 
styrene unit, 30.6-mol % and the remainder consist [ a p-tert-butoxy styrene unit ] of a p-hydroxystyrene 
unit 9.8-mol%. 

[0064]The example 8 of comparison composition [Same as the above] 

Using the resin 414.6g obtained in the example 6 of comparison composition, except having changed the 
quantity of ethyl vinyl ether into 54.4 g, the same operation as the synthetic example 9 was performed, and 
the resin solution 1,530g was obtained. It was 31.8% when asked for the solids concentration of this resin 
solution by the heating mass reducing-one's weight method. It was 14,9% when asked for the rate of the 
formation of 1-ethoxyethyl in resin by NMR measurement. Therefore, as for this resin, in p-1-ethoxyethoxy 
styrene unit, 14.9-mol % and the remainder consist [ a p-tert-butoxy styrene unit ] of a p-hydroxystyrene 
unit 9.8-mol%. 

[0065]After preparing the propylene-glycol-monomethyl-ether acetate solution of the resin obtained in the 
examples 6 and 7 of example of application 1 composition so that the rate of the formation of 1-ethoxyethyl 
of resin might be 40%, each following ingredient was mixed, and it dissolved, it filtered with the filter made of 
a fluoro-resin, and was considered as resist liquid. 
[0066] 

. resinous principle: — resin (the amount of solid content) prepared 

as above-mentioned. 13.5 part acid generator: — bis(cyclohexylsulfonyl)diazomethane 0.5 part quencher: — 
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dicyclohexyl methylamine 0.01 part Tetrabutylammonium hydroxide 0.01 part water retention agent : 
Polypropylene glycol . Copy [ 0.135 ] (Wako Pure Chemical Industries, Ltd. Make, Mw 1,000 of Maker Display) 
solvent : — propylene-glycoFmonomethyl-ether acetate 80 part (a part for carrying in from a resin solution 
is included) 

[0067]The spin coater was used for the silicon wafer washed with 

the conventional method, spin coating of the above-mentioned resist liquid was carried out, then, this silicon 
wafer was prebaked for 90 seconds at 90 ** on the hot plate, and thickness made the resist film which is 
0.52 micrometer form. The chromium mask which has a pattern in the coat after prebaking is passed, and he 
is a KrF excimer laser stepper with an exposure wavelength of 248 nm. Using ["NSR-2205 EX12B" by 
NIKON CORP., NA=0.55, sigma-0.8], the light exposure was changed gradually and exposed. The wafer after 
exposure was heated for 90 seconds at 105 on the hot plate. This was developed in the 2.38% solution of 
tetramethylammonium hydroxide, and the positive type pattern was obtained. About the obtained positive 
type pattern, it evaluated as follows and each result was shown in Table 1. 

[0068]Sensitivity: The section of a 0.25-micrometer line and space pattern was observed with the scanning 
electron microscope, and the line and space pattern in a best focus displayed with the light exposure 
(effective sensitivity) set to 1:1. 

[0069] Resolution: The width of the minimum line and space separated without film decrease in the light 
exposure of effective sensitivity was measured with the scanning electron microscope. 
[0070]The same experiment as the example 1 of application was conducted except having changed 
comparative example 1 resinous principle into resin whose rate of the formation of 1 -ethoxyethyl obtained in 
the example 5 of comparison composition is 40%, A result is shown in Table 1. 

[0071]After preparing the propylene-glycol-monomethyl-ether acetate solution of the resin obtained in the 

examples 9 and 10 of example of application 2 composition so that the rate of the formation of 

1 -ethoxyethyl of resin might be 22%, the mixture solution of each following ingredient was carried out, and it 

filtered with the filter made of a fluoro-resin, and was considered as resist liquid. 

[0072] 

resinous principle: Resin (the amount of solid content) prepared 

as above-mentioned 13.5 part acid generator: Bis(cyclohexylsulfonyl)diazomethane 0.5 part quencher: Tris 
[2-(2-methoxyethoxy) ethyl] Amine 0.01 Part tetrabutylammonium hydroxide 0.01 Part water retention 
agent : Polypropylene glycol 0.135 copy (the Wako Pure Chemical Industries, Ltd. make, Mw 1,000 of a maker 
display) 

solvent : — propylene-glycol-monomethyl-ether acetate 80 part (a part for carrying in from a resin solution 
is included) 

[0073]Spin coating of this resist liquid was carried out to the 

silicon wafer like the example 1 of application, except the temperature of 100 ** and after-exposure bake 
having been 1 10 **, the temperature of prebaking was processed like the example 1 of application, and the 
same method estimated it. A result is shown in Table 1 . 

[0074]The same experiment as the example 2 of application was conducted except having changed 
comparative example 2 resinous principle into what was prepared so that the rate of the formation of 
1 -ethoxyethyl of resin might be 22% from the propylene-glycol-monomethyhether acetate solution of the 
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resin obtained in the examples 7 and 8 of comparison composition. A result is shown in Table 1. 

[0075] 

[Table 1] 

field (mi crometer) Charge Tree Fat sensitivity Resolution Freelancer 

(mJ/cm 2 ) of a synthetic example t-butoxy 1-etho*yend 

rate radical agent. . Example of application 1 Synthetic 

example - Finishing [ 40% removal 3 58 0.18 6 and example of 7 comparative-example 1 comparison 

composition - 40 % un-removing. 92 0.185. . Example of application 

2 Synthetic example Finishing [ 9.8 % 22 % removal ] 24 0.20 9 and example of 10 comparative-example 2 
comparison composition 9.8 % 22 % un-removing. 52 0.20 7 and 

g [0076]In the examples 1 and 2 of application using the narrow 

dispersive polymer which removed 2, 2 r 6, and 6~tetramethyl 1-piperidinyloxy which is a stable free radical 
agent from the polymerization end according to this invention, sensitivity improves remarkably compared 
with a comparative example as shown in Table 1. In the examples 1 and 2 of application, the pattern top's flat 
part was clearly observed to the radius of circle having been observed by the pattern top in the comparative 
examples 1 and 2. 
[0077] 

[Effect of the InventionjAccording to this invention, the narrow dispersive polystyrene to which the stable 
free radical agent used for what is called living radical polymerization does not remain in a polymer terminal 
can be manufactured. Since a molecular weight is arbitrarily controllable according to the method of this 
invention, the polystyrene which has the physical properties suitable for a use can be manufactured. And by 
embellishing the functional group of these polystyrene suitably, a stable free radical agent does not join 
together, but a narrow dispersive poly (p-hydroxystyrene) system copolymer suitable as resin for resist can 
be manufactured. Since the demand characteristics as resin for resist materials of high resolution are 
fulfilled since molecular weight distribution is narrow, and the stable free radical agent has not combined with 
a polymer terminal, this copolymer does not check a chemical amplification operation, but is especially 
preferred as resin of chemical amplification type resist. Therefore, the chemical amplification type resist 
which used this copolymer as the resinous principle is excellent in sensitivity and resolution, and gives a 
highly precise detailed resist pattern. 



[Translation done.] 
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Sat). ?US^TtfSt. fiSE-7'J— 5S^*;Wfffl3W*« 



CH 2 =CH 



0 



( I) 



0-R 



[0010] r itm.mm^ 1 ~ 1 2 <dtj\s* 
y — 7i?t>Mtmmv>&i±i : , y e >^wtc 

[001 1 ] ft^ifHIKU'^X h Tit— BtCs 7j<MS^r 

*rr £ # y x^- u>a©*ffia*stK=pssa:aTai^ 
fc ±ieo ,t?KLTff a nfea^ffcit* y x ^ v« 

S&KTMS^Sftfe p -t HP^^^U^fMS 
U i^ia i3 2 5 ic p - tfci- O - R « Xf- 

u >JMt**rr a WE^MBttt*«^#*«»r * 75?s * t, 

[0 0 12] Sfe*5fflCJ;ftif, ±Ea— oSttfcJ: 
•oTttati, SSRWfcTiC (ID 
[0 0 13] 

'cH 2 -CH- 

1 CH) 



•jT, C»7?ffitc<k9?i5ft3X?-U:y^M^#T*l±. 

^tcaso com^stassKgRra-ss^y— ■vs** 
[0007] ^sttja©ttT?, *igBji©aw« s u 

S^X h^WSi: LTCIS^'tttl^ft-riK^ffifiD^y 

©b«m\ c a LTftafta^s^^u^yxT 1 

[0 0 0 8] 

fto tftb?*58iStt, TS (I) so 



0 



O-R 

[0 0 14] G£*» Rttftfc^BLfcfcft 
T?^£ ft SSSiillMftfr a a <9 , SS^tS)^*^ 3 , 0 
00-100.000 «SeH. Rtf ^iMStaE^ 1 . I — 
1 .5«|!Bffltc^»3, ib^i^|;:ffl^fegg7 -7->" 

isttt^yx^i^>^n«2ft, ^atctt. com 

tt^yxg L l^>iS4i*D-Rti:ffla-r5S<D^a< fcfe— 
gB^BSSt^^T, •^fttCffi^-rS-O-RCDgp^TkSE 

r a s RiMMtja^c t if « s ft s = 

[0 0 15] ±K»^ttitfi^f*(73U 
[0 0 16] (A) «ffla*»»ttJ«d#ft*fi-U * 



(4) 
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tf CO cft&*»m-*#«isK!l 0 

[0 0 173 

MiBxt (i) ^^n^x^i^s^* 
v>r, r ttKJKs^ i~i2 (DT}is*>isxte±mmm « 

^St l~i 2 ©T^l/* /-i' So RfSJns/Jl' 
5MT**o LT, fv^n^w sec 

— y^;K tert— tert— 75 ;k tert— s}"^^ 

RtLTtts tert-T^l^WSH,^ 
[00 1 8] 5 (I) T^^nSX^U^RIK^tt, 7 
'J - v S^*;l/|||ftMWfttfSHiil6SesE7 U — y 5** MIUH 

•z?$nfefJ:<. JWfcfflfctt, 'O'V-OW*— jfr+tf-r 
^;W<-*+-9--r K©±5«8»ftfl»» 2, 2' -7 

v^x-ry^n- h'j;vM2, 2' -ryvrx-rv so 

IS® y 5t *;1/<D j: 5 & 7 yft-&«33: if stfffifl! 
[0 0 19] Sft, 7'J- 

[0 0 2 0] 

\j-N- , N N-0- 

[0 0 2 1]MM, 2, 2, 6, 6-^r-^>^;V- 
1 -lf^U^-;P^iy (migp a p« "TEMPO" ) . 4- 
75/ 2, 2, 6, 6-fh7^fJV-l-^Uv ! 
-;U;t^i\ 4-tKD^>-2, 2, 6, 6-fh7 

2, 6, 6— f h^tf-fr- 1 -tf-^Ui?— 

4, 4-^^^/l/-l. 3-**-9-Vy>-3 — r;I/* so 



+v\ 2, 2, 5, 5-7^F^^9 L ;l'- 1 -ifays?— 
;V^v\ tert- T^l/ =ha*^KRtf 

i?-tert-^;l/ ^bD+i/H®j;5e:-hD+->F 
»S\ 2, 2-S^ (4-tert— *^;l/7x-;W -1 

[0 0 2 2] SC ( I ) ©X^Ul'BSaMtfcfi^S^SK: 

/l/BBtefflO^l/tbtfO .7 — 2 .0©$SHi:&&J;?fc:l!f 
l>S©tfSffL<, -efiD^l/Jrt^l .0—1, 

5 od^K t X o fcf J; 0 Lt/\= 
[0023] coy&5%i7V— ^^}vmi^Mt^m^ 
— 5S^*>Wffl3W©1¥«ETT?, MIBS CI) © 

3fc£7 'J —5 5>*;l/fftHSI*#ft* *S c i: ic «fc 0 . 7 

u— ^i'A/nisttH*'*-*^; en vx^uymmmc 

t: v ^ Wtc ^ i? £ ;I/«^8natfT « C t K * 3 D fi£- 

&mm^ mAtm&rs. g k ± ^ <z t & -v % % B n-a- 

U&te, — Kfcti ioo-i 8 o "cSjeotgH. SfSt 

<t4i io-i 4 o°cn&&m.mfrt>miR-£nz> a sjs 

— fi££fct5~5 OHWiltSio SC CI) OX 

[0 0 2 4] &5m-?lt, ^©Ji^^LTM'g-JKfS^ 
M^rP^S-T^o ccT"ffl^3fi^Pit£iJte, IfC7-7 

^ § o mfcmz i:Kn^7X 2 - tert- 7* 
li 0 .5— 2 0 ^&;WS©SiIHT:\ S C> Kiff S L < l± 5 - 1 
[0 0 2 5] COa-&»±S8<0jSfti(cJ:»)a^SJiS*ff 

iOmmicBL, ffi^SJtStf#ih-r-So c«)|, 
»±t % AV fi ^rfr^r ttfin l fc ^ u - v s; A ;b 



(5) 
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£ os^y y— 7^*;Wffl«^*fricaaR-«!t^ 

-So 

[0 0 2 6] C © J; 5 'J l£y^WiS:7i?A;HMtf 
Mn) «\ jlSl .1 — 1 . 5©$ElS(C$>So fi-g-SJS© 

>»»*K*fr s 7 y — ^ i^* ^wt^ns 

t>„ ff^n^^yx^^yw^^stijigffjfflJT-^ 
So aum. Mfi^^^a cmw ) #3,000—1 
00,00 ogscttHossyx^vaaMfstiSo 

[0 0 2 7] U^bffl©«Kfct-«fcJ6fctt > L 

Tfisnfe^yx^uva*^, miesc (id *©-r 
t5~o-R ©aj#*7jc»s 1 1 fern, aifc^^efts 

T*Z;Cr)7mM*%ffifftlcGmT&o S (II) ^©-Rtc 30 
fflSf SS©— gBXtt^*JMMS-fc* Sfm, 4MB© 

7?a, fflAtfs tuKtfr^T 6-32839^*Btc8as©2ra 

tZ>^tlz£<o^ & (11) "4i©-Rfcffi^-r*S*fiBlSI 
[0 0 2 8] HCT\ S (I) ^-O-RfcffiStS 

S*— afig-rW^-Tfe, c©«%^£?#f£*)\ 
fr©3^©3 0 ; E;b%J^T ( frs©ybW$LV^ L^X 
httti©®#e>V>-5 ^RtfStert-^Tl/^&SJg 
p -tert-7 h*S'7^H'Wfi^#^#0 

3 ■£© 5 ~ 2 0 *;1/%©¥gH^5 J; 5 lc-t2><Dtftf% 



±IH©IKfiSiSt;:*5i'->T. /^©SfSu^WSfc:- O - R 

tffl^-r«a©#fifij-&^^sg[^Pi (nmr) wst 

«fc >3 SJSBfWJC^-r 5 - 0 - R k^bst sa©K 

m^nf flt, -o-Rtcffls-rssoa^a 
&5©WKa-r« st©sjsww^S!I u ^<Dmmicm 

[0 0 2 9] L«,t5fcLT, 5^a^©iRv^y 
(t KP^fXfUV) Xt±*©7k»S©— BB^7^l/* 
r;WfcS L < H7;I/7J ^xx-x/Mfc^nfcffi-g- 

ft^#&n§A\ d©a-g-f*©7j<^a^^e,^. ^k^f 

SS&S-eSMJ- Wfc«K"r 3 c 4: £ J: tK l^X h fcjff 

LT7 7 ;t/^y prjgtttasfewTSSo ±ia©y tr>^ 
71/ — Tvtfotcsa©— au*. y sa«atc*n-T 

3ci:fc<fcy, C©<fc3:ftflHr*'r*«Hlgfc:&:S. 

[0030] ccT??sA5ti«, yjizvmi&mcftL, 

^S'A;!'^— ;l"f>tert— 7 hJrisjbAstf— ;V*=?-;W £ 
ft 1 -xb^->x^K l-yh^->i^;K l-7°n 
^i^X^K l-^V^Dt^i/l^W 1-tert- 

n^^ai^;I/ N l - a^->P+->x^K 1— v^P^N 
^^n^->xf;K 1 — ^y^-a^-iyjL^)^ I -y ; y 
p^^P^v-i^K 1 -y h^^7atf;l/Rtf 1 - 
y h^F^- 1 -><^;VJi5 L ;l'©J:5S: 1 -T)^^T 
)l^)im, 7- hvt: KP-2-tr^— ;K 6-^h^> 
t- h^t: Fa- 2-lf7x;K 6-xh*^rh7tH 
n-2-tf7-;k rh7KKo-2-7'j;K 5-^ 
h^>fh7t FP-2-7y;l'S.t>*5-nih4 i '>7 L h 
7tFo-2-7'J ;l/© <t -5 a^ttlSaai—T";!/© 2 - 

^T;l/^;vax«JS«l|Ri3i— r7l/© 2 -SStf „ 1 0 

[0031] L©i9«CTS£ft»±, ^©ffitt 

-7^;V*EJK?-l3:Sc:iifc:j;0, ?J<^SgP^©7j<«* 
tert-7 h^S/A^jJC^^-efflfS-r S C t L, 



[0 0 3 2] 

Ft 1 

r 4 -c=c-o-r 2 cm) 

R 3 

[0 0 3 3] R 1 tt*fRXttK*16m&l~4 

3 <OT>l>3r)\s&m.? t>\ X&R 2 £R 3 * s — 

[0034] mtmm^y 3Ly~)W&m.m\c^nt>(D 
«?k^s t s- o - r o^-it^svptc, — mz. aio~ 20 

WflB&ftO 3 * <Z> 1 0 ~ 5 0 

[0 0 3 5] C«J;-5{c3C (I) <OX<7-U:xS8*f***5 
ffifgLT, 'Jtfy^^AM^ flfokElS, IKK 

ti5 0 Si«SJiS&tf5l*J«<«««»ASje-e*^*© 30 
M^fief*j&^ftrse: fctei£i:A,iffti/\, 

[0 0 3 6] *ft, CCWX hiB»±gEf£3EgiJ^ 

*o«H*^tr u^x h ffifig^r^, SSftHfiSJBtf f s c 

fcfc«ko"t\ m.^^.t^it^X^^ a k*>3A, 2 40 
S?X^*^WWS**"r S fi^tt, i>'X;V* viSft^- 

X;^ >3S<t^*»s X;V*>S9fift^1fta L < 
ffl^6n«, B^^fcftSX^^SB&ffc^ftrfcLT 
ti, r;i^i'X;i^>l|(D.xx-r;t\ >M3 7'/i>4vi>x;i' 
*>K®iXr;K 7'J-;W;l/*>iciXf;K * so 
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>7 r — X;l/* v^<d:cx r-/l>ft E^Ptf -5 cfc^T^ 

t LTH t?P5ffp— 2— xii4-^hD^^;P 
y;l/n—;K 2, 6 hn-^>'^;U7';l'3— ;b s N 
-t Kn+W5Ht^ *4^>A3Sfc^#Jftif3b^ 

[0 0 3 7] *JTV*& >v s x;l/^;i/#^#-r5'ft: 
^HMcH\ j?[jx.^ ex (->^n^^;l/X;l/*^;W 
^7^?x ex C7i-H/^;i/*-;i/) 

ex Cp-h'J^X;!/*^.;!/) J?77)!?X ex 

;J/ i/x;!/*v, i?- p - b i; ji/ ^x;^x 7x- 
;!/ p-h'J;i/ i/X;W^>\ 7i^^ p-^F-^ 

K^ffc-^ftteti, 09*.fcT, N- (7i-WW^W 
+30 ^fWSH, N— C^^;l/X;^-;1/^ 
~» X^>W5F, N- (F'J7^ny^W 
— n^^vO Xi-->W5K N— CT^l/XJl/sfc— ;l/ 
**3/) X{rfW5F, N— (10-A>77-X;V 
jf^i/**^) x^->W5F, n- (hU7^a^ 
^;Ux;b*— ;i/^v-) 7^w;F, N- (hUx;V 
^•a^^VX^-^^i') t7WSK, 
h u^OiyjV p — h;l/x.>X;l/^^.— 4— rzhn 
"Ovvl/ p-Wl/zOX/l/**— K 2, 6-^F- 
aO^;l/ p-h^XX^**— K 1. 2, 3- 
'O-tfVt-'J-OV h UX^^^X;p3}-^— h. 1 
> vV A>- l-7i p — F- yVaivx^^^ 
— h (il^>V , -Y>h^l^— h) s 2-^yyV;i/- 
2-tFo^-2-7xn;l/xf;l/ p-h;l/in>X 

h (Ift a f n-;K>^ > F -> 
h) s a- Cp-F';;l/XMzM+W5/) -4 

[0 0 3 8] Ufc, — ^c{t^tfil6^(D^^U^Xh 

[0 0 3 9] C C -fffflk ^SWWBXfb^ttrO Jlf4:0i t L, 
Tttx ^->;l/75X ^F75X *?f^75 
^ N /„;l/75 7, fy;V7SX 7*— 'J 2-, 3 
-Xtt4-^f;l/7-'J7, 4-^Fn7^'JX 1- 
•ryf-AfT 3 2 -t77;l/75y«j: 5 ft 1 «5* 
Syl-.^f^SX ^^;1/75X i>'^>' 
^75^ v ? -^.y^7'3>, ->*t^f;k75X >7 
-^7 5X y'rWSV, N-*3-)VT~VZ/. e 
'^ , Ji 5 >'S.t?i> , 7ji-^7'3>'©i;a^:2|g7'3>^ ; 

FiJi^;F7 5X h'J><9 : -;l'7'3^ FU7nlf;l/7 
?X F!J7f;l/7 5X F'J-<>fjl/75X F'M 
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[2- (2-^h^^h^v-) x^;!/) 75X 10 
h U-YV^V- *7;>MN, N-^^l/T- 

K. Fn*^K«<fc5&4&£7'> : e-t>2 s> &; xf-UVS? 
7 5 J: -5 5 MS : 3 #V-;k \* U 5? >\ 

[oo4o] ctifiosiiai^iit, * n^tu^s 

ZtmiOS^TiZmc, 3^T5VS.tf/X«4ffiT>' : & 2D 

^'J^-^fflSStllLft^tO, Rflci&fclfcfc 1 5 0 
[0 0 4 1 ] tfS^HU-S?;* bftfiKISKDSFS LVfiJ«H: 
5 0-9 811%, J:0»IL<t±7 5~9 8lI%O 

ffa« K?8£S!i**o o5~2 oaa%£DfEa-z?fes Q s 
fc^igafb^-^aa-g-r-sJi^*, o.ooi~ioi 30 

[0 0 4 2] #SSl^>#^SJl^XhffljSftB:, ±IS& 
JffiSMeWaSfflfcS^ f§ffiPL;fc&©T-£$ 0 COBB, 

ji^a^sm^jfts^ io~5o as% t^i^fct 

7-fe-r— K ^^;H;BV^77-bT-h, T'ntTby 
i/U /U^E-y^^l/x— r;W-fe-r— h&tf^nfc! 1/ 
V^'J n — y x?-;Vx— r -fe-r— 
U r;HXf^S, ^ so 



12 

^UV^U n— ;VS^^;]/x— fMJ; 3&^l> n— ;I/ 

[0 0 4 3] (KD^^IUi/Xhffl^ft^'jny^x 
£S£$^£fc&©#xhx^x#>->-- X 7 

[0 0 4 4] 

[JfeSS^J] fiTF. *WJic J; 0 *%!B5rS ?, tlft^t 
SiWrs^ *S«H:<:h&©iCJ:oTlfi£Sn5t 

->ay^n?f^77-f- (GPC) tCfc^UX^ 
[0 0 4 5] Mil Cp-tert-yf+J'^ 

^K0.18 3gRff2, 2, 6, 8-rh7^f;l/ 

- 1 - tr^y ^xM*i/o .154 g*K(6»fcfta 

SRIHILAtt, 1 3 0 tf 5 B*]H»&EJS*fTo 
fete 3, coftjSfc^tSfi^ttOSfi^^Sfci: 
^6 ,0 o o-efe^fcc cojgjts^rtEt: Yu*y > 1 . 
08 3 gzmnu mu&Tszic 1 Rfiiirfit&Lfe. c 

cD^fc$3ttafi^*OSS¥*£i^*^^6 ,0 0 0 
lhLTV^iDT\ K-&#:^^^Lft2, 2, 6, 6 

-fh^yfjt/- 1 - e^y y-^t+i'SiiJtift 

[0 0 4 6] -&J£$J2 [n±] 

p-tert-y h^^=f-ly>6 0 0 g. 4, 4' —TV 
^X-fvmm^^^)V3 .66 gS.tf 2, 2, 6, 6— r 
h-5>^< 1 -If-s 'J i>^;I/^-^r-> 3 .2 3 g ^KJSis 
tettii*, SK6H«Lte», 1 3 0°C7?2 5B9PDSdS 

^?Mti:^2 5 ,0 0 Ot'ioft, C<DS/£^|*|{ct: K 
P+7>2 2.74g^i0U Pl!'£jgT^^^2 3#^ 

m^W&S^ tilt* »LT, 3 5 7 .6g£D^U (p 

(*©lf¥^?liifi2 5,0 00, ^»«t«t± 1 . 2 
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CO 0 4 7] M«3 OrUJ 

p— tert-^b^v-x^pve o o g, -^>-yv;ws— 

^-WF2.75gM'2, 2, 6, 

- 1 -t!^U> ? -;V^>'2 .3 1 g%SlSggtf±5X^ % 

bftf^ i3ott8 at r^a-a-s^fTo tc t 

*h giLt, 2 3 6.6g©#y (p-tert-y 

^T^Ste^ 2 5,0 0 0, ^WL&H 1 . 2 0 T'&o 
[0 0 4 8] 1=rfi£M4 0H]±) 

p-tert-yh^r->Xf 1/yeOOg, 4, 4' —TV 
lfX<YV»K£?>C^\H'3 -53 gROF4-t^V-2, 
2, 6, 6 — r" 1 — tf-\'J i/—)i>^%-i/ 

3 .4 7 g^SJS§g^ttjA^ ®RB$iL.fc^ 1 3 0°C 

a^-f*coaa 5 F±si^?at±ft2 5,oooT^fc, 
cwkMrtttKa+zyz i .93g^iinu 13 

5 "CE?? 6>tC I 5 St b fe„ ^ ©ff , C ©?§?«£: 
t, 3 11 .7g<OiT°U Cp-tert-y h^X^l^) 

5,000, $>ftmm± 1 .2 o-?J5ofco 

[0 0 4 9] fct^flJtMl CH_b] 

p-tert-^h^v-X^PV, •-<>W;W^-~^-9-'l' 
FS.tf'2, 2, 6, S-^h^^^V- 1 -tf^V i>- 30 
^^©B^n^tlS Og, 0 .3 6 6 gM'O .3 0 

7 g t bfet^ti. 1 tPflltcLT 1 3 0 TCT* 5 

mwm^mitme ,00 %>-z>it B ^co'&t Fn^ 
y >^^o^-rtc, iwissT-^s^2SFH«^brc 0 c 
o^{cfetj-sa^*dDiia¥±§^»a^i 4.00 

®^-f**ii^©2, 2, 6. 6-^h^y^;V-i 

[0050] tm&&m2 m±) 

p-tert-yb^X^U^ 4, 4' -TVtTX-rV 
ISlS^^^l/Rtf 2, 2, 6, 6-rh7^^-l- 

tr^y ^;^^->oKfnfn2 ,7oo gs 15. 

8 7 g&tf 1 4 .0 1 g t Lfej^wi, 2 twae 

L/T, 1 3 lB^fflfi^EJ&fcfToTfco 

fcofto C ©itrfc* y £ y -Jl"Plc&^Z°±f£ 

**tt»S«, ««, K^LTv 1 ,Z9 0gO*iJ(p 



scoma^^Btt^ 2 4,000. $4Hft&i£ 1 . 2 

2Tfe^fc D 

[0 0 5 1] Jt«^jaW3 K±] 

p-tert-7 I-4^>X^U>, '^y^^^-tW'f 
F&tf2, 2, 6, 6— Th^tT-fr-l-V^Vi?- 
W+^OMfMn 8 8 0g, 4.03g SXf 3.3 8 
g 4: LfcGWi, &f£M 3 t |5ffitlc LT 13 0 °C~Z? 8 Bf 

¥JS4HFI»»2 5 .0 0 OT^ofeo £©?g 

*gLT. 2 8 3.2gO#U (p-tert-y'h^v'X^U' 

2 5,00 0. ^7>«fc,Sfi J .2 OT-ifcofc, 
[0 0 5 2] ^09 5 [tert-^;l/SO«atB 

3 T W 6 nfcsK 'J C p - ter t- 7 b ^ Z/ X ^ U 

» i i o g*2-^n^iy— ;i/5 5 o gtcira^-T^fi? 

jfck*an*.-r#*u mmhrc. ts»:&@s brass u 
rem, T-bbz/tetiaz., ^(Dmm^^^imj^m^ 

(p-fc: Fn^^X^U^) 7 2 g%mfco 
[0 0 5 3] £«6 [ 1 -JtF^X^Wfc] 
^M5T?»e>nfc#y (p-t:FP^>XfM 3 
6 g hp- h/l/oiVX^Vffi 1 7jcfiJ*Sj 0 .0 1 7 g^^ 

0 gfcigfi¥U ^-C^x^l/If^^x— 1 0 ,2g?r 
Lfco 2 5 °CT? 3 ^fWStJf y V 7*->Hr 

mm^^itmtktm&u ftmt&mt* 3 afro 
3btgp^6*it= 1 -Jih^v'zc^i/x— -^^Htsnft^y 

(p-t Fn*i/X^U» ©S?Sl 3 4 g^l#fc 3 

[0054] c:ofijiB»iffioiajg««e*ftiiftHsws 

^fci;t)*J6fci:c5, 3 0 .7%T-*-Dft 0 Sfc, mm 
cftfiD 1 -ih+i/xf;Wt? (7K^S&7>* 1 

*NMRiH^k:J:5*K>?£i:c:5» 4 8 ,0%f$7 
[0 0 5 5] £j£0ij7 [H±] 

i^;l/tr-;l/a:—r 6 ,5 g LftJW*W4, ^fiK 

s/x^i/i— T-;wt^nft*y (p-t: KD^f-u 

^) ©Sfffi 1 4 2 g*»fc. COWJgJSJKOHJg^JIRa 
*ia»HaSESaK«tt)^»i>fci:2i5 x 2 6 .4%Tfeo 
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[0 0 5 6] m$^tiZM4 [tert-^^;VS«MC 

nm&ism 3 T-m^nr^ v c P -tert- v ^>x^ 

I/» 7 5 .2g£:2-:/n^./ — ;l>3 7 6 glchuXTm 
BZit, «f#lH5J:raiOi*ffrffoT, (p 
-tKD + ^by) 5 0g£rf#fe o 
[0 0 5 7] tt^fig^l 5 [ 1 -ih^i'XfWt] 

y) 2 5 g£ffil,\ x^;Uex;Vx— TVl/fiQB^? ,5g 

D (p-t Fn^x^y) ©r§i&9 8 .3g£rt#fe D 
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